Introduction
Rats are commonly used to study the dietary effects of food components and additives on cholesterol metabolism. In recent studies, rats were used to investigate the hypocholesterolemic effects of soluble and insoluble fibre [1] , plant proteins [2, 3] , chitosan [4] , algae Chlorella [5] , α-ketoglutarate [6] , aluminosilicates [7] , amidated pectin [8] , and interesterified oils [9] . Compared to guinea pigs [10] and hamsters [11] , rats are less susceptible to hypercholesterolaemia induction by dietary cholesterol, presumably because the high activity of hepatic cholesterol 7α-hydroxylase allows these rodents to convert excess dietary cholesterol to bile acids [10] . This may complicate the use of rats in some experiments. However, it has been shown that feeding female rats a casein-containing diet resulted in significantly higher levels of serum cholesterol than feeding them a soybean-protein-containing diet. No such differences were observed in male rats [12] . Similarly, in experiments by Radzki et al. [6] , hypercholesterolaemia induction was easier in female rats. Because the majority of studies examining the effect of cholesterol supplementation on cholesterol and bile acid metabolism have been conducted in male rats, we felt that gender differences in the response of rats to dietary cholesterol deserved attention.
The object of the present study was to investigate the effect of a cholesterol-containing diet on serum and hepatic cholesterol, hepatic LDL receptors, cholesterol 7α-hydroxylase, and the faecal concentrations of neutral and acidic sterols in both sexes.
Experimental Procedures

Animals and diets
Twelve male and 12 female Wistar rats (approximately 7 weeks of age) were housed individually in a temperature-and humidity-controlled room (22±1°C and 60±5%, respectively) with a 12 h light-dark cycle. Rats were fed the standard rat diet, ST-1 (Velaz Ltd, Lysolaje, Czech Republic), supplemented with palm fat (AkoFeed Gigant 60, AarhusKarlshamn, Karlshamn, Sweden) and microcrystalline cellulose at 60 and 20 g/kg, respectively (diet 1). After 1 week, male and female rats were randomly divided into two groups of six animals each. The average body weight of the male and female rats was 192.5 and 171.5 g, respectively. Experimental diet 2 was supplemented with cholesterol at 10 g/kg, microcrystalline cellulose at 20 g/kg, and palm fat at 50 g/kg ( Table 1) . Microcrystalline cellulose and cholesterol were supplied by Sigma-Aldrich (Prague, Czech Republic). Food and water were available ad libitum for 4 weeks. The experiment complied with the Czech Code for the Care and Use of Animals for Scientific Purposes.
Sampling
Faeces were collected during the last week of the experiment, pooled and stored at -40°C until analysis [13] . At the end of the 4-week feeding period, the rats received 4 g of feed 4 h before they were killed, as recommended by Spielmann et al. [2] . The animals were anesthetised by Isofluran inhalation (Nicholas Piuramal India Ltd, London) and sacrificed by decapitation. Mixed blood samples were withdrawn at the time of slaughtering to obtain serum. The livers were excised, and 0.2 g of tissue samples were immediately submerged in the RNAlater Stabilisation Reagent (Qiagen, U.S.A.) followed by overnight storage at 4°C. The remaining liver tissue was kept at -40°C until analysis.
Analyses
Feed and faecal dry matter (DM) was obtained by oven drying at 105°C to constant weight. The feed protein content was obtained after Kjeldahl destruction using the Kjeltec 2460 Analyser (FOSS Tecator AB, Höganäs, Sweden), and the feed ash content was obtained by burning at 550°C. The α-tocopherol, retinol, and β-carotene contents of the ST-1 rat diet ST-1 were determined according to the EN 12822 European standard [14] by HPLC (Shimadzu, VP series instrument, fitted with a diode-array detector and a Synergi 4μ Fusion-RP 80A column supplied by Phenomenex, Torrance, U.S.A). The levels of serum total cholesterol and triacylglycerols were determined using the commercial kits Cholesterol Liquid 250 S and Triacylglyceroly Liquid 250 S (Pliva-Lachema, Inc., Brno, Czech Republic), respectively. The analysis of cholesterol in serum included hydrolysis of cholesterol esters by cholesterolesterase. Total hepatic and faecal lipids were extracted with 2:1 chloroformmethanol and determined gravimetrically [15] . Hepatic lipids were saponified with 2 M ethanolic KOH (1 h at 100°C), extracted with diethyl ether, and cholesterol was derivatised using TMCS (trimethylchlorosilane) and HMDS (hexamethyldisilazane) silylation reagents (Sigma-Aldrich, Prague, Czech Republic). The silyl derivates were quantified on a gas chromatograph equipped with an SAC-5 capillary column (Supelco, Bellefonte, U.S.A.), operated isothermally at 285°C. The neutral and acidic faecal sterols were determined in freeze-dried samples by gas chromatography on a capillary column CP-SIL 5CB (Varian, U.S.A.) after butylation and silylation according to Batta et al. [16] . Norcholic acid was used as the internal standard. The oven was kept at 200°C for 2 min, and then programmed to increase at 8°C/min to a final temperature of 272°C. The neutral sterols and bile acids were identified on the basis of retention times by comparing to standards. Isolithocholic acid, 12-ketolithocholic acid, norcholic acid, α-, β-, and ω-muricholic acids and campesterol were purchased from Steraloids Inc. (Newport, U.S.A.). Other sterols were supplied by Sigma-Aldrich (Prague, Czech Republic). Oligonucleotide primer pairs were used according to Chen and Cheng [17] and Spielmann et al. [2] . Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control in all reactions. Primer sequences of GAPDH were as follows: 5´-primer, GCAAGTCAACGCAAGTCAA and 3´-primer, GAGGGGCCATCCACAGTCTTCT. Primer sequences (5´ to 3´) of the rat LDL receptor gene were as follows: 5´primer, ACCGCCATGAGGTACGTAAG and 3´primer, GGGTCTGGACCCTTTCTCTC. Primer sequences of cholesterol 7α-hydroxylase were as follows: 5´-primer, CCGGCAGGTCATTCAGTTG and 3´-primer, CAAGACGCACCTCGCTATCC. The primers were synthesised by Generi Biotech Ltd. (Hradec Králové, Czech Republic). The 2 -∆∆C T method was used for the relative quantification of LDLr and 7α-hydroxylase gene expression to internal control levels [18] . Before using the ∆∆C T quantification method, a validation experiment was performed to demonstrate that the efficiencies of the target and reference genes were approximately equal [19] . Briefly, ten-fold serial dilutions of total RNA (Rat Liver RNA, Applied Biosystems, U.S.A.) were reverse transcribed and amplified by the RT-PCR reaction using primers for the target and GAPDH genes. The most concentrated sample contained 150 ng of total RNA. Each dilution was measured in triplicate. The average C T was calculated, and the ∆C T (C T,7α-hydroxylase -C T,GAPDH ) was determined. A plot of log 10 RNA dilutions versus ∆C T was performed. Because the absolute value of the slope was close to zero (0.021), the efficiencies of the target and reference genes were similar, and the ∆∆C T calculation for relative quantification could be used [18] . Each sample was measured in triplicate.
RNA isolation and real-time PCR assay
Calculations
Data were statistically analysed by two-way analysis of variance (main effect of gender, diet and their interaction) using the GML procedure in SAS (SAS Institute, 2003). The same statistical software was used for calculations of the correlation between the serum and hepatic cholesterol concentrations. All differences were considered non-significant at P>0.05. The results were expressed as means and the SEM. The Q-PCR data were analysed by RQ Manager 2.1 software (AvvB7900ht, Applied Biosystems, U.S.A.) followed by statistical analysis using the StatMiner software (Real Time StatMiner, v. 2.1.0, Integromics, Spain).
Results
Weight gain and feed intake were significantly higher in male rats than in their female counterparts ( Table 2 ). The feed intake per weight gain ratio was significantly higher in female rats than in male rats. Supplementation of feed with cholesterol did not significantly influence weight gain Table 2 . Growth and feed intake of male and female rats fed basal diet (1) and diet with cholesterol (2).
Data are the means and SDs for six male or six female rats per diet. Values in the same row with different superscripts differ significantly (P<0.05).
in male and female rats. Cholesterol supplementation significantly increased serum cholesterol both in male and female rats (in male rats from 2.20 to 2.48 μmol/mL and in female rats from 2.06 to 2.92 μmol/mL). Male and female rats significantly differred in serum cholesterol and triacylglycerols concentrations, but not in hepatic concentrations of cholesterol and total lipids ( Table 3) . Effect of diet on serum triacylglycerols was statistically non-significant. Cholesterol caused a three-fold increase in hepatic cholesterol concentration in both male and female rats. The hepatic cholesterol concentrations were significantly higher in female rats than in male rats (19.9 μmol/g vs. 15 .0 μmol/g in female and male rats fed diet 2, respectively). The liver cholesterol concentrations paralleled serum cholesterol concentrations. The correlation between these parameters was only marginally significant in male rats (r=0.491; P=0.063) but was significant in female rats (r=0.818; P<0.001).
Faecal dry matter and fat concentrations in control male rats were significantly higher than in the faeces of control female rats (Table 4) . Faeces of control rats contained similar amounts of cholesterol and bile acids. Cholesterol supplementation significantly increased the faecal fat concentration in female rats and significantly increased the faecal concentrations of cholesterol and total neutral sterols in faeces of rats of both genders. Cholesterol supplementation significantly increased the faecal concentrations of bile acids, but to a lesser extent. Muricholic acids represented 48.8% and 63.0% of the total bile acids in faeces of male rats fed diets 1 and 2, respectively. The corresponding values in the faeces of female rats were 46.4% and 47.5%. The response in expression of hepatic LDL receptors and cholesterol 7α-hydroxylase genes to cholesterol supplementation was more pronounced in female rats than in male rats (Table 5 ). This might be influenced by the greater dose of cholesterol given to the females relative to the males.
Discussion
Cell surface receptors of LDL, which bind LDL and carry it into the cell, play a central role in maintaining cholesterol homeostasis. The production of LDL receptors is driven by the cell´s demand for cholesterol. When demands for cholesterol are satisfied, excess cholesterol accumulates in the cells and the synthesis of LDL receptors declines [18] . Gender influenced the rats' response to dietary cholesterol. Cholesterol supplementation at 10 g/kg non-significantly increased serum cholesterol by 0.28 μmol/mL in male rats and significantly increased serum cholesterol by 0.86 μmol/mL in female rats. However, it should be considered that the cholesterol intake per unit of weight gain for the females was approximately twice that for the males (see Table 2 for the feed/gain ratio). Thus, the higher cholesterol concentrations in the serum and liver of the females fed diet 2 was likely the consequence of a higher cholesterol load relative to expected accretion of cholesterol for tissue growth. The higher growth rate and lower feed/gain ratio in male rats may be explained by the anabolic activity of male sexual hormones, i.e., by the different hormonal status of rats. Serum cholesterol concentrations in control rats were within the reference ranges for male and female rats at <6 months of age, which are 1.94±0.51 μmol/mL and 2.30±0.59 μmol/mL, respectively [20] . The liver cholesterol response to feeding the rats cholesterol-enriched diets was more pronounced than serum cholesterol, as observed with other studies in rats [11] [12] [13] , hamsters [11, 21, 22] , and guinea pigs [21] . Cholesterol supplementation significantly increased total lipids in hepatic tissue in male and female rats. However, only several mg/g of this increment can be attributed to cholesterol accumulation.
Cholesterol supplementation significantly increased the faecal cholesterol concentrations (by 10 times in male and 12 times in female rats). The corresponding increase of bile acid concentration was lower (83% in male rats and 108% in female rats). Thus, faecal excretion of cholesterol and its microbial conversion to coprostanol and epicoprostanol in the hindgut was the main elimination route of excess cholesterol in cholesterol-fed rats. The analyses of faecal sterols illustrate extensive microbial modification of neutral sterols and bile acids. Coprostanol and epicoprostanol represented approximately 16% and 13% of the total neutral sterols in the faeces of male and female rats, respectively, and secondary bile acids (i.e., other than those synthesised in the liver) represented roughly 49% to 62% of the total bile acids assayed in male and female rats, respectively. Several studies have reported the bile acid profile of rat faeces; however, the results have been inconsistent [23] [24] [25] .
The response of rats to a dietary cholesterol challenge may be influenced by their genotype. Netz and Gertz [26] observed that the hepatic LDL receptor protein levels in seven out of nine male rat strains were unaffected by dietary cholesterol at 10 g/kg. In two strains, Brown Norway and Copenhagen 2331, cholesterol supplementation increased serum cholesterol by 21% and 26%, respectively. These rats had the lowest levels of hepatic 3-hydroxy-3-methylglutaryl-CoA activity, which catalyses the ratelimiting step in cholesterol synthesis. The rate-limiting step in the synthesis of bile acids is catalysed by the cytochrome P450 cholesterol 7α-hydroxylase. Regulation of cholesterol 7α-hydroxylase levels occurs primarily at the transcriptional level and is modulated by the relative ratio of cholesterol to bile acids in the liver [27] . The expression of cholesterol 7α-hydroxylase was higher in rats fed diet 2 with cholesterol, reflecting the need to convert excess cholesterol to bile acids. It has been shown in several studies that this enzyme is upregulated in response to increasing dietary cholesterol in rats [10, 11, 28] , but not in guinea pigs [21] or hamsters [10, 11] . The relative levels of cholesterol 7α-hydroxylase mRNA in the present study were higher in female rats.
In our opinion, female rats are suitable for experiments dealing with cholesterol-lowering agents because rat strains susceptible to the serum cholesterolraising action of dietary cholesterol are not always easily available.
